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FLUID HANDLING IN DROPLET 
DEPOSITION SYSTEMS 

TECHNICAL FIELD 

This invention relates to ?uid handling systems, and more 
particularly to ?uid handling in droplet deposition systems. 

BACKGROUND 

Inkjet printers are one type of apparatus for depositing 
drops on a substrate. Ink jet printers can include a jetting 
assembly having one or more printhead modules. Printhead 
modules include an ink path linking an ink supply With a 
noZZle path. In some systems, ink is supplied to the jetting 
assembly from a remote ink supply. The noZZle path termi 
nates in a noZZle opening from Which ink droplets are 
ejected. Ink droplet ejection is typically controlled by pres 
suriZing ink in the ink path With an actuator, Which may be, 
for example, a pieZoelectric de?ector, a thermal bubble jet 
generator, or an electrostatically de?ected element. Ink in 
the ink supply that feeds the noZZle path can be held under 
a negative pressure. This negative pressure can reduce 
leakage of ink from a noZZle opening When the noZZle is not 
activated. 
A typical printhead module has an array of ink paths With 

corresponding noZZle openings and associated actuators. 
Droplet ejection from each noZZle opening can be indepen 
dently controlled. In a drop-on-demand printhead module, 
each actuator is ?red to selectively eject a drop at a speci?c 
pixel location of an image as the jetting assembly and a 
printing substrate are moved relative to one another. In high 
performance printhead modules, the noZZle openings typi 
cally have a diameter of 50 microns or less, e.g. around 25 
microns, are separated at a pitch of 100-300 noZZles/inch, 
have a resolution of 100 to 3000 dpi or more, and provide 
drops With a volume of about 1 to 120 picoliters (pl) or less. 
Drop ejection frequency is typically about 10 kHZ or more. 
A pieZoelectric actuator has a layer of pieZoelectric mate 

rial, Which changes geometry, or bends, in response to an 
applied voltage. The bending of the pieZoelectric layer 
pressuriZes ink in a pumping chamber located along the ink 
path. Piezoelectric ink-jet printhead modules are also 
described in Fishbeck et al US. Pat. No. 4,825,227, Hine 
US. Pat. No. 4,937,598, Moynihan et al. US. Pat. No. 
5,659,346 and Hoisington US. Pat. No. 5,757,391, the 
entire contents of Which are hereby incorporated by refer 
ence. 

SUMMARY 

In general, in a ?rst aspect, the invention features a droplet 
deposition system, including a jetting assembly comprising 
one or more modules capable of ejecting droplets, a plurality 
of conduits in ?uid communication With the jetting assem 
bly, and a valve coupled to the conduits and adjustable 
betWeen a ?rst state in Which ?uid ?oW through the conduits 
is substantially prevented and a second state in Which ?uid 
?oW through the conduits is alloWed. 

In general, in a further aspect, the invention features a 
valve for controlling ?uid ?oW though a plurality of tubes 
connected to a jetting assembly, the valve including an 
actuator mechanically coupled to the tubes, the actuator 
being adjustable betWeen a ?rst state in Which the valve 
compresses a portion of each tube substantially preventing 
?oW through the tubes, and a second state in Which ?uid ?oW 
through the tubes is alloWed. 
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2 
Embodiments of the droplet deposition system and/or 

valve may include one or more of the folloWing features. 
The droplet deposition system can further include a pump in 
?uid communication With at least some of the conduits. The 
droplet deposition system can also include a ?uid supply in 
?uid communication With at least some of the conduits. The 
pump can be con?gured to pump ?uid from the ?uid supply 
to the jetting supply. The ?uid supply can be an ink supply. 
In some embodiments, the pump is a vacuum pump con?g 
ured to pump gas from the jetting assembly. The conduits 
can include tubes, Which can be ?exible tubes. The valve can 
be con?gured to compress a portion of the ?exible tubes in 
the ?rst state. The modules can be drop-on-demand ink jet 
printhead modules (e.g., drop-on-demand ink jet printhead 
modules including a pieZoelectric actuator). The droplet 
deposition system can include a print enclosure substantially 
enclosing the jetting assembly. The valve can be operable 
from outside the print enclosure. The valve can include an 
element in contact With the portion of each tube, Wherein in 
the ?rst state the actuator compresses the tubes by pressing 
the element against the tubes. A surface of the element in 
contact With the portion of each tube can be curved. In some 
embodiments, the valve can include a pair of elements, each 
in contact With one or more of the tubes, Wherein in the ?rst 
state the actuator compresses the tubes by pressing the 
elements against the tubes. The elements can be located on 
opposite sides of the actuator. The valve can include a 
housing comprising one or more openings through Which the 
tubes can be placed. The actuator can include a camshaft 
con?gured to rotate betWeen a ?rst position and a second 
position corresponding to the ?rst and second states, respec 
tively. The ?rst and second positions can correspond to a 90 
degree rotation of the camshaft about a shaft axis. The ?uid 
is a liquid (e.g., ink) or a gas (e.g., air). The valve can also 
include a lever coupled to the actuator With Which the 
actuator can be mechanically sWitched betWeen the ?rst and 
second states. Alternatively, or additionally, the valve can 
include a sWitch coupled to the actuator With Which the 
actuator can be electromechanically sWitched betWeen the 
?rst and second states. 
Embodiments of the invention may include one or more 

of the folloWing advantages. In some embodiments, droplet 
deposition systems can be readily serviced With minimal 
?uid spillage and Waste. For example, using a valve that 
simultaneously shuts off the supply of liquid and vacuum 
lines to all printhead modules in a jetting assembly can 
reduce (e. g., prevent) liquid leakage from the modules While 
the jetting assembly is of?ine, e.g., during servicing of the 
jetting assembly. Leakage can be reduced (e.g., prevented) 
When one or more ?uid lines are detached from, e.g., a liquid 
(e.g., ink) supply or a vacuum pump. 

Systems utiliZing valves can readily conform to various 
agency standards (e.g., Occupational Health and Safety 
Agency (OSHA) standards). As an example, in certain 
industrial environments, OSHA Work rules can require that 
a system be completely de-energiZed before any access 
panel is opened on any part of a system. Where a valve 
actuator can be accessed Without opening a panel of a print 
enclosure, all supply and/or pneumatic lines to a jetting 
assembly Within the print enclosure can be de-energiZed 
Without opening the print enclosure. Accordingly, systems 
utiliZing such valves can conform to the OSHA standards 
While still being relatively easy to operate. 

Valves used to close multiple tubes can operate Without 
valve components contacting ?uid in the tubes. For example, 
valves can operate by controlling compression of a portion 
of the tubes. Accordingly, components of the valve contact 
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the outer surface of the tube, and do not contact ?uid carried 
Within the tube. This may reduce spillage of ?uids at the 
valve and/or may reduce the effects of interactions that may 
occur betWeen the valve components and the tubes, such as 
rusting of valve components and/or valve components 
becoming gummed up With ?uid residue. 

In some embodiments, valves can be operated through 
numerous cycles Without substantially reducing the life of 
the tubes. For example, mechanical components of a valve 
can compress and open portions of the tubes Without impart 
ing substantial stress on the tubes. Accordingly, Wear on the 
tubes associated With opening and closing the valve can be 
reduced. 

Furthermore, valves can be operated Without imparting 
signi?cant stress on other components of the print system 
via the tubes. For example, Where valves use a rotating 
element, such as a camshaft, to apply a compressive force to 
tubes, the rotational force can be decoupled from the tubes 
so that the tubes do not creep signi?cantly as the valve opens 
and closes the tubes. Reduced stresses on valve components 
can enhance the operating lifetime of a valve. 

The details of one or more embodiments of the invention 
are set forth in the accompanying draWings and the descrip 
tion beloW. Other features and advantages of the invention 
Will be apparent from the description and draWings, and 
from the claims. Certain references are incorporated herein 
by reference. In case of con?ict, the present speci?cation 
Will control. 

DESCRIPTION OF DRAWINGS 

FIG. 1A is a schematic diagram of an ink jet printing 
system. 

FIG. 1B is a perspective vieW of components of the ink jet 
printing system shoWn in FIG. 1A. 

FIG. 2 is a cross-sectional vieW of a printhead module. 
FIGS. 3A-3C are diagrams shoWing aspects of an 

embodiment of a valve. FIG. 3A is an isometric vieW of the 
valve, While FIGS. 3B and 3C are cross-sectional vieWs of 
a portion of the valve When the valve is open and closed, 
respectively. 

FIG. 4A is an isometric vieW of another embodiment of a 
valve. 

FIGS. 4B and 4C are a front section and top section of the 
valve shoWn in FIG. 4A, respectively. 

Like reference symbols in the various draWings indicate 
like elements. 

DETAILED DESCRIPTION 

Referring to FIGS. 1A and 1B, a print system 100 includes 
a print enclosure 110 that includes a jetting assembly 112 
that deposits ink droplets 111 onto a substrate 120, forming 
an image on substrate 120. A pumping system 130 (e.g., 
including one or more peristaltic pumps) supplies ink from 
ink containers 141-144 in a remote ink supply 140 to jetting 
assembly 110 through ink supply tubes 145-148, respec 
tively. In addition, pneumatic tubes 155-158 connect a 
vacuum pump 150 to jetting assembly 110. During opera 
tion, vacuum pump 150 pumps air from ink reservoirs 
115-118 in jetting assembly 110, maintaining a negative 
pressure on ink present in jetting assembly 110. This nega 
tive pressure can reduce ink leakage from jetting assembly 
110. A valve 101 is also housed Within print enclosure 110. 
Valve 101 controls ?uid ?oW through ink supply tubes 
145-148 and pneumatic tubes 155-158. 
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4 
Jetting assembly 112 includes four printhead modules 

105-108. Each printhead module includes a plurality of 
noZZle openings (e.g., 128 or 256 noZZle openings) through 
Which ink can be ejected. Jetting assembly 112 also includes 
four ink reservoirs 115-118, Which receive ink from ink 
supply 140 and deliver ink to printhead modules 105-108, 
respectively. In some embodiments, each module ejects 
different color ink (e.g., cyan, magenta, yelloW, and black, or 
red, green, blue, and black), enabling print system 100 to 
print full color images on substrate 120. Alternatively, in 
some embodiments, each module can eject the same ink 
color. Suitable inks can include solvent-based inks (e.g., 
aqueous inks or organic solvent inks), UV-curable inks, 
and/or hot-melt inks. 

In general, the composition of substrate 120 can vary, and 
is typically selected based on the speci?c application for 
Which print system 100 is used. Examples of substrates 
include paper (e.g., White paper or neWsprint paper), card 
board, polymer ?lms, Wood products and/or food products. 
Furthermore, the siZe of the substrate can vary depending on 
the application. Printing can be completed in a single pass of 
the jetting assembly relative to the substrate, or in multiple 
passes. In some embodiments, substrate 120 is a continuous 
Web that is conveyed by a Web transport system relative to 
jetting assembly 112, Which is ?xed relative to the Web 
transport system. Alternatively, or additionally, jetting 
assembly 112 can be mounted on a movable stage that scans 
the jetting assembly back and forth over the substrate during 
printing. 

Print enclosure 110 substantially encloses jetting assem 
bly 112, leaving only the portion of the assembly that faces 
substrate 120 exposed. Accordingly, operator access to jet 
ting assembly 112 is limited. Typically, an operator should 
remove one or more panels of print enclosure 110 to access 
assembly 112. Print enclosure 110 includes openings 165 
172, through Which tubes 145-148 and 155-158 are fed. In 
addition, a stop lever 102 for valve 101 protrudes through 
another opening 103 on a side of print enclosure 110. In 
general, print enclosure 110 can include additional openings 
through Which other lines (e.g., electrical lines) can be fed. 
As discussed previously, valve 101 controls ?uid ?oW 

through ink supply tubes 145-148 and pneumatic tubes 
155-158. Valve 101 can be sWitched betWeen an “open” and 
a “closed” state by operating a stop lever 102 that protrudes 
through opening 103 in print enclosure 110. Valve 101 can 
be sWitched betWeen the open and closed states While jetting 
assembly 112 is still fully enclosed by print enclosure 110. 
The valve is placed in the open state during normal 

operation of print system 100, Where all of ink supply tubes 
145-148 alloW ink to ?oW from ink supply 140 to jetting 
assembly 110. Furthermore, in the open state, all pneumatic 
lines alloW vacuum pump 150 to reduce pressure on ink in 
reservoirs 115-118. In the closed position, ink tubes 145-148 
and pneumatic tubes 155-158 are blocked, substantially 
preventing ink ?oW from ink supply 140 to reservoirs 
115-118 and substantially preventing vacuum pump 150 
from draWing a vacuum on ink in reservoirs 115-118. In 
embodiments, in the closed state, no ink leaks out of the 
printhead module noZZle openings. Typically, valve 101 is 
placed in the closed state during maintenance or storage of 
jetting assembly 112, for example. 

As discussed beloW, in some embodiments, valve 101 
operates by compressing tubes 145-148 and 155-158. 
Accordingly, tubes 145-148 and 155-158 should be formed 
from a ?exible, elastic material such as an extruded polymer 
(e.g., an organic or silicone polymer). The material should 
be su?iciently ?exible so that it can compress su?iciently to 
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occlude the tube channel Without signi?cant Wear that could 
substantially shorten the tube’s operating life. Furthermore, 
the tube should be su?iciently ?exible so that once a 
compressive force placed on the tube is released the tube 
substantially regains its pre-compression form, reopening 
the tube channel. 

Referring to FIG. 2, an example of a printhead module is 
module 200, Which has pieZoelectric element 220, Which 
pressuriZes ink in a pumping chamber 210 for ejection 
through a noZZle opening 230. Ink is supplied to pumping 
chamber 210 from a reservoir (not shoWn in FIG. 2) via a 
supply path 240. In embodiments, the printhead includes a 
heater to heat the media to a desired viscosity to facilitate 
jetting. A suitable printhead module is the NOVA printhead, 
available from Spectra, Inc., Hanover, NH. Suitable pieZo 
electric inkjet printhead modules are also discussed in 
Fishbeck ’227, Hine ’598, Moynihan ’346 and Hoisington 
’39l, incorporated, supra and WO 01/25018, the entire 
contents of Which is hereby incorporated by reference. 

Referring to FIGS. 3A-3C, an example of a valve is valve 
300, Which includes a valve housing 310 having eight 
openings through Which the ink supply tubes and pneumatic 
tubes can be placed. The openings are arranged in a line and 
have terminals that are denoted by numeral 320 in FIG. 3A. 
Valve 300 further includes a camshaft 330 con?gured to 
rotate about an axis 333 running parallel to the line of 
openings. Camshaft 330 can be coupled to valve housing 
310 by, e.g., ball bearings. A stop lever 340 is attached to 
camshaft 330, alloWing an operator to rotate camshaft 330 
about axis 333. A pinch plate 350 is positioned betWeen 
camshaft 330 and tubes inserted into the openings in the 
valve housing, e.g., tube 370 (in FIGS. 3B and 3C). At one 
end, pinch plate 350 is attached to a pin 360 and the pinch 
plate pivots on an axis 355 at the point of attachment. 

Rotating camshaft 330 betWeen a ?rst position, shoWn in 
FIG. 3B, and a second position, shoWn in FIG. 3C, alloWs 
valve 300 to control ?oW through, e.g., tube 370. In the ?rst 
position, camshaft 330 alloWs pinch plate 350 to rest against 
a surface of the cam surface closest to shaft axis 333, leaving 
tube 370 open and alloWing ?uid to ?oW. In the second 
position, stop lever is rotated 90° relative to the ?rst position, 
and camshaft 330 pushes pinch plate 350 against tube 370, 
closing the inner diameter of the tube and substantially 
preventing ?uid ?oW through the tube. Valve housing 330 
may include one or more protrusions to constrain the range 
of motion of stop lever 340 (e.g., protrusions that stop the 
lever in the ?rst and second positions). 

Camshaft 330 can have a curved cross-sectional pro?le 
(e.g., a D-shaped pro?le), applying a continuously variable 
force to pinch plate 350 as it is adjusted betWeen the ?rst and 
second positions. Camshaft 330 can be formed from a 
relatively rigid material, such as a metal (e.g., aluminum) or 
alloy (e.g., stainless steel), a rigid polymer (e.g., Te?on®, 
nylon, PEEKTM), or a ceramic. 

Furthermore, in embodiments, the surface of pinch plate 
350 that contacts tube 370 can be curved, limiting stresses 
applied to the tube as the camshaft is adjusted betWeen the 
?rst and second positions. In general, pinch plate 350 can 
also be formed from a relatively rigid material, such as a 
metal or alloy, or a rigid polymer. Pinch plate 350 should be 
more rigid than tube 370 so that it does not substantially 
deform When compressing the tube. 

Referring to FIGS. 4A-4B, in another example, a valve 
400 includes a housing 410 having openings arranged in tWo 
lines, instead of one. The openings are arranged so that four 
tubes 460 (e.g., pneumatic tubes) are arranged on one side 
of a camshaft 430, While four other tubes 470 (e.g., ink 
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6 
supply tubes) are arranged on the other side of the actuator. 
Valve 400 includes tWo pinch plates, 441 and 442, posi 
tioned on opposite sides of camshaft 430. In FIGS. 4A-4C, 
valve 400 is shoWn in a ?rst position in Which tubes 460 and 
470 are all open. When camshaft 430 is rotated 90° from this 
position, it forces pinch plates 441 and 442 to compress 
tubes 460 and 470, respectively, thereby closing the tubes. 
Less torque may be needed to open and close a valve having 
tubes positioned on either side of the camshaft, as in valve 
400, compared With a valve having tubes positioned only on 
one side of the camshaft. Moreover, positioning tubes on 
both sides of the camshaft may provide a more compact 
valve compared With a valve having tubes positioned only 
on one side of the camshaft. 

While the valves shoWn in FIGS. 3A-3C and 4A-4C are 
manually actuated, valves can also be electromechanically 
actuated. For example, in some embodiments, the camshafts 
used to open and closed valves 300 and 400 can be coupled 
to an electric motor that rotates the camshaft When sWitch 
on. 

Moreover, While the valves shoWn in FIGS. 3A-3C and 
4A-4C are actuated by Way of a camshaft, other types of 
actuation can also be used. For example, an actuator that 
extends linearly to engage the pinch plate(s) and press them 
against the tubes may be used. 

In some embodiments, an actuator may be used that 
engages the tubes directly, Without using additional compo 
nents (e.g., a pinch plate) to couple force from the actuator 
to the tubes. 

While print system 100 includes a jetting assembly With 
four printhead modules, in general, the number of printhead 
modules in a jetting assembly can vary as desired. For 
example, jetting assemblies can include more than four 
printhead modules (e.g., eight printhead modules, 12 print 
head modules or more). 

Moreover, the number of ?uid lines connecting to a jetting 
assembly that are opened and closed by the valve can vary. 
In general, the number of ?uid lines connecting to a jetting 
assembly depends on the number of printhead modules in 
the assembly, as Well as on the different ?uids that need to 
transported to an from the printhead modules. For example, 
in addition to ink lines and pneumatic lines that can be used 
in a print system, some printhead modules may utiliZe 
pressure lines (to carry, e.g., pressured gas for ?ushing the 
printhead module). Furthermore, the valve may control 
additional lines to the jetting assembly, e.g., for cleaning the 
jetting assembly. 

While print system 100 is used for printing images on a 
substrate, in general, such systems can be used to eject 
droplets for other purposes. For example, such systems can 
be used to in a manufacturing environment to precisely 
deposit materials on a substrate. An example is in the display 
manufacturing industry, Where print systems can be used to 
deposit, e.g., organic light emitting diode materials or color 
?lter materials to form an array of such materials on a 
substrate. Systems can also be used Where precision meter 
ing of ?uids is desired, such as in a laboratory environment, 
Where print systems can be used to precisely dispense 
different materials. 
A number of embodiments of the invention have been 

described. Nevertheless, it Will be understood that various 
modi?cations may be made Without departing from the spirit 
and scope of the invention. Accordingly, other embodiments 
are Within the scope of the folloWing claims. 
What is claimed is: 
1. A valve for controlling ?uid ?oW though a plurality of 

tubes connected to a jetting assembly, the valve comprising: 



US 7,281,785 B2 
7 

an actuator mechanically coupled to the tubes, the actua 
tor being adjustable betWeen a ?rst state in Which the 
valve compresses a portion of each tube substantially 
preventing ?oW through the tubes, and a second state in 
Which ?uid ?oW through the tubes is alloWed; and 

a pair of elements, each in contact With one or more of the 
tubes, Wherein in the ?rst state the actuator compresses 
the tubes by pressing the elements against the tubes, the 
elements being located on opposite sides of the actua 
tor. 

2. The valve of claim 1, further comprising an element in 
contact With the portion of each tube, Wherein in the ?rst 
state the actuator compresses the tubes by pressing the 
element against the tubes. 

3. The valve of claim 2, Wherein a surface of the element 
in contact With the portion of each tube is curved. 

4. The valve of claim 1, further comprising a housing 
comprising one or more openings through Which the tubes 
can be placed. 

8 
5. The valve of claim 1, Wherein the actuator comprises a 

camshaft con?gured to rotate betWeen a ?rst position and a 
second position corresponding to the ?rst and second states, 
respectively. 

6. The valve of claim 5, Wherein the ?rst and second 
positions correspond to a 90 degree rotation of the camshaft 
about a shaft axis. 

7. The valve of claim 1, Wherein the ?uid is a liquid. 
8. The valve of claim 7, Wherein the liquid is ink. 
9. The valve of claim 1, Wherein the ?uid is a gas. 
10. The valve of claim 1, further comprising a lever 

coupled to the actuator With Which the actuator can be 
mechanically sWitched betWeen the ?rst and second states. 

11. The valve of claim 1, further comprising a sWitch 
coupled to the actuator With Which the actuator can be 
electromechanically sWitched betWeen the ?rst and second 
states. 


